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SUMMARY 



An investigation of the stalling characteristic? of 
the Super marine Spitfire was made as part of the flying- 
^tialitias measurements of this airplane. The re stilts of 
the tests are presented as tine histories of the notions 
of the airplane and the controls during stalls in various 
conditions of flight . 

The Spitfire possessed good stall warning in the form 
of 'buffeting. Very little stick travel was required to 
reach the start of the stall flow breakdown, but the stick 
could he moved veil "back "before lateral instability oc- 
curred . 

The notion cf the Spitfire in stalls was not Violent J 
in slow angle-of-attack changes or In steeply hanked turns 
the nose bended to ease down at the start of the stall and 
even "beyond maximum lift, no violent motions occurrod. In 
steeply banked turns with the gun ports open, however, un- 
controllable rolling instability was noted after an unmis- 
takable Earning in the form Of buffeting occurred. 

The maximum lift coefficients obtained in all condi- 
tions of flight were considerably lower th^n are normally 
reached by airplanes of comparable type. 

INTRODUCTION 



The stalling charact er i st i c B described in this report 
were determined as part of a program covering the_f lying- 
qualities tests made on the Super marine Spitfire TA air- 
plane at the request of the Amy Air forces, Materiel Divi 
sion. The stalling characteristics were studied more thor 
OUghly than usual because they were considered t o be more 
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desirable in Borne respects than those of any of the pursuit- 
type airplanes formerly tested in a similar manner. This 
paper was originally issued as a memorandum report to the 
Materiel Division,, Army Air Forces* 

APPARATUS AND T3STS 



The Super marine Spitfire is a single-engine , Bingle* 
place, low-wing cantilever monoplane with retractable 
landing gear and partial-span split flaps. (See figs. 1, 
2 , 3 , and 4 . ) 

Throughout these tests of stalling characteristics 
the gross weight of the airplane was maintained at approx- 
imately 6184 pounds and the center of gravity was at ap-.._ 
pr cxima t ely 3l»4 percent of the mean aerodynamic chord. 

KAOA recording instruments were used to record the 
following items: 

1 . Air speed . 

2» Positions of the rudder, elevators, and ailerons. 

3 a Angular velocity in roll. 

4» Angle of sideslip. 

5. ITormal, longitudinal, and transverse accelerations. 

6» Elevator force or rudder forco (in seme cases only). 

These instruments recorded photographically and were syn- 
chronised by means of a timer. 

The airspeed recorder in the Spitfire was calibrated 
by flying in formation with another airplane. The airspeed 
recorder in the ether airplane was calibrated by means of 
a trailing airspeed head. The calibration of the pilot 1 s 
airspeed motor is shown in figure 5. 

l?or most of the stall measurements, the angle of ride- 
slip wa^s measured by means of a. yaw vane attached to a boom 
extending a chord length a.head of the left wing tip. In 
order to determine whether any error was introduced by an- 
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gularity of local flow at tnis point, some stalls wore mn&Q 
with yaw vanes attached to "both wing tips. The true angle 
of sideslip of the thrust axis was assumed to he midway 
"between fchfi angles recorded "by the two yaw vanes. 

3 

o Wool tufts attached to the upper surface of the wings 

Jj allowed the pilot to observe the development of the .flow 

breakdown at the stall. 

The variation of elevator angle with control-stick 
position is shown in figure 5 and the variation of aileron 
angle with control- st i ck position is shown in figure 7. 



RESULTS AHD DISCUSSION 



The results of the measurements are jjresented as time 
histories of the control motions and motions of the air- 
plane in typical stalls made in various conditions of 
flight (figs. 8 to 19), Diagrams of the behavior of the 
tufts indicating the progression of the stalled region 
across the wing are also shown , Stall© were made with the 
gun ports open and also with them covered with doped fab- 
ric in each of the following conditions of flight: 
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In encli condition, stalls were made by very gradually 
reducing the airspeed while the wings were held laterally 



level and the heading was kept constant. In some stalls, 
an attempt was made to hold all controls fixed in the po- 
sitions required at the first sign of the stall; whereas 
in others, the elevator was continuously raised after the 
start of the stall in order to keep the speed from in- 
creasing, and the other surfaces were moved in an attempt 
to maintain control. 

The results of the measurements in the various flight 
conditions arc summarized as follows: 

Stalling characteristic s i n the gli ding con. di t i on of 

flight . - In the gliding condition with the gun ports cov- 
ered, the airplane shoved no tendency to roll off. Fig- 
ure 8 shows a stall in which the controls wore held approx- 
imately In the positions required at the first sign of the 
stall • At speeds of a "bout 10 miles per hour above the 
minimum speed, the tufts at the trailing edge of the left 
wing root wore observed to reverse and "buffeting was felt 
in the elevator and rudder controls. This buffeting 
caused a fairly violent and unmistakable shaking of the 
airplane. In figure 8 and the following time histories, 
the buffeting is indicated on the figure "by an oscillation 
of the normal acceleration record. Actually all the in- 
strument . re cords showed vibrations, hut it was -nought 
unnecessary to indicate this fact on the time histories. 
The approximate amplitude of the variation in normal ac- 
celeration is shown by the plotted curve, but no attempt 
has been fca&i to reproduce the frequency of the oscilla- 
tion that was recorded. 

At approximately 6 miles par hour above the minimum 
speed, the tufts fluctuated above the entire left side of 
the center section and some right aileron motion was need- 
ed to maintain trim. A mild pitching and yawing oscilla- 
tion developed, but no tendency to roll V&S observed. In 
no case did the flow ahead of the ailerons separate from 
the wing surface. 

The shaking of the airplane caused some movement of 
the controls, in snite of the efforts of the pilot to hold 
them fixed. The uncontrolled stalls may bo distinguished 
from the controlled stalls by the fact that a large amount 
of up elevator was applied during the controlled stalls. 

Figure 9 shows a gliding stall with the gun ports 
covered in which the stick was moved far back after mini- 
mum speed was reached. Use of the ailerons finally re- 
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suited in the development of a rolling oscillation and the 
violent buffeting continued throughout the stall. As In 
the previous stall* the only portions of the wing from 
which the flow separated were the left side of the center 
section and the extreme tips* lateral and longitudinal 
control sufficient to prevent any violent motions wore 
still available "beyond the stall, though there was some 
lag in response to the control;:. 

The effect of uncovering the gu» ports in the gliding 
condition is shown in figured 9 and 10. In this case, the 
stall progressed symmetrically outward from each side of 
the fuselage at the wing root; a very mild lateral and 
pitching oscillation was observed to accompany the fairly 
Violent buffeting. If the stick were held all the way 
back, a lateral oscillation would develop which eventually 
led to a complete lose of lateral control. 

The aileron control after the start of the stall in 
the gliding condition was investigated by abruptly de- 
flecting the ailerons. The rolling velocities thus ob- 
tained were greater than thoso occurring for the same ai- 
leron deflectior. above the stall, probably because of the 
reduced damping in roll of the stalled portion of tho 
wing. An interval of about 0.7 second elapsed between the 
time tho ailerons wore deflected and the time maximum roll- 
ing velocity was reached. The rolling velocity was al- 
ways in the correct direction. 

In the gliding condition, as in most other conditions 
of flight, the buffeting preceding the stall served as a 
desirable stall warning. The rearward motion of the stick 
required to start the stall was small, but a large rear- 
ward motion of the stick could be made without causing 
violent motions of the airplane. 

Stal 1 |ng char a cteristj.es in t he cruising condj,tj L oji_^L£. 
flight In the cruising condition, there tras essentially 
no difference in the types of stall that occurred with gun 
ports open or covered, as shown on figures 12 and 13. Tag 
wing tips beyond the ailerons stalled first, apparently 
because tho slipstream prevented separation of flow from 
the center section. Slight buffeting and rearward motion 
of the stick started about 5 miles per hour above minimum 
speed, though the tufts at the center section did not re- 
verse. A considerable amount of loft sideslip was neces- 
sary to hold tho wings level near the stall. This sideslip 
did not occur in the power-off condition. V/hen the minimum 
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speed was reached, both wings stalled almost s imult ? ne on sly , 
and a relatively mild right roll occurred. The pilot noted 
that the elevator wns rather ineffective in pitching the 
airplane down after the stall. 

Figures 12 and 13 show that the rolling velocity was 
not checked until approximately one~hnlf second had elapsed 
after the application of down elevator. This time inter- 
val is longer than has "boon measured in tests on other 
airplane s . 

Stall! ajj character istics in t he l an ding con dition of 
Xilfikit- A time history of a stall in the landing condi- 
tion is shown on figure 14. The development of the stall 
wns the srmc with gun ports open or covered. At a speed 
of about 10 miles per hour ".hove the minimum speed, the 
tufts reversed in a region on the left side of the center 
soc-icn ncrr the loading edge, but the tufts at the trail- 
ing edge did not reverse. 

Buffeting set in when tnis separation tool: place. 
Figure 14 shows that a lateral and pitching oscillation of 
increasing amplitude developed if the controls were held 
fixed, T :7ith elevator full up, however, some measure of 
lateral control could "be maintained "by means of the rud- 
der an d a i 1 e r o n s . 

S tailing char act er 1st i c s in the landi ng approach 

co ndition of flight.- During actual landing-glide ap- 
proaches with t&e Spitfire, control of the angle of attack 
was more difficult than in some other pursuit airplanes 
"because of tig lack of longitudinal ratability. The unmis- 
takable fetfill warning in the form of buffeting a&d the ex- 
tremely mild stall itself, however, permitted the pilot 
to mako tail-first landings without difficulty. A notice- 
able stall flow breakdown did occur, which could be folt 
al air "blasts on the left side of the pilot's face, just 
at the thrcc~T)oint contact. The Spitfire did not exhibit 
ally marked rolling or yawing tendencies either at contact 
or in the landing run. 

In the landing-approach condition, -with gun ports 
covered, the stall was similar to that in the landing 
condition, with the exception that considerable rudder and 
aileron deflections were required to maintain trim ncrr 
minimum speed. Figure 15 shows the time history of a 
stall in t hi s • c ondi t i on # 



V.'itli pert s open, the flow separated from the out- 

board wing panels oof ore the center section stalled. Fig— 
ure 16 shows that control was maintained in this condition 
for several seconds after the stall, hut a mild right roll 
eventually occurred . 



MAXIMUM LIT2 C0E3PFI CIEIT32S FOE VARIOUS ELIOHI COITDIT I OUS 



The maa&l&um lift coefficients as measured in various 
conditions of flight are shown in the accor.panying tahle. 
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The maximum lift coefficients obtained are consider- 
ably lower than normal. Apparent ly the desirable stall 
warning is obtained at the expense of high maximum lift. 



STALLIT& OHABAOTEEI S3? I OS III MAHBUVBES 



Tha stall warning possessed by the Spitfire was espe- 
cially "beneficial in allowing the pilot to reach maximum 
lift coefficient in accelerated maneuvers. Because of the 
neutral static stability of this airplane, the pilot ob- 
tained no indication of the lift coefficient from the mo- 
tion of the control stick. Nevertheless, he was able to 
pull rapidly to maximum lift coefficient in a turn without 
danger of inadvertent stalling. 

Figure 17 shows a time history of a 180° turn in 
which the stall was reached. The stall in accelerated ma- 
neuvers was very similar to that in the gliding condition. 
V'ith gun ports closed, the pilot was able to pull the 
stick far back without losing control or interrupting the 
turn. The airplane tended to pitch down When stalled and 
to recover by itself if the stick were not pulled back. 
It would bo possible for a pilot pursuing an enemy in a 
turn to bring his sights on him momentarily by pitching 
beyond the stall without fear of rolling instability. 

With gun ports open, a right roll occurred if more 
than about 10 up elevator wore applied. This reaction 
caused the nirplane to roll out of a left run and into a 
right turn. Time histories of these maneuvers are shown 
on figures IS and 19. In spite of the lateral instabil- 
ity that occurred in turns with gun ports open, the pilot 
was able to approach maximum lift coefficient closely be- 
cause of the desirable stall warning. The maximum lift 
coefficient reached in turns from level flight with flaps 
up wai 1.22. The airplane could be flown beyond the stall 
at even lower lift coefficients. 

This value of maximum lift coefficient is closer to 
that reached from stalls in straight flight with power 
off than the value reached with power on because the slip- 
stream effects in high-speed turns are rclat ively small . 
The low value of the maximum lift coefficient offsets, to 
some extent, the benefit gained by the Spitfire from its 
low wing loading in making turns of small radius. Sood 
stall-warning characteristics appear to be essential on 
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an airplane with neutral static stability. In rinlmcs 
tested provioasly, which hnd neutral static stability arid 
poor stall warning, inadvertent stalling in rapid maneu- 
vers was practically unavoidable • The stalling character- 
istics of the Spitfire are therefore its redeeming feature. 
It would be desirable, however, to obtain these charaet er- 
istics without sacrificing a high value of the maximum 
lift coefficient . 



CCIICLUSIOITS 



The Super marine Spitfire airplane possessed stalling 
characteristics essentially in compliance with the ro- 
guiroments for satisfactory stalling characteristics give* 
in reference 1* These character i sties may "be summarized 
as follows: 

1. Warning of the complete stall was provided by the 
occurrence cf "buffeting that set in at speeds several miles 
per hour above the minimum speed and by the rearward move- 
ment that could he made with the stick after the start of 
the stall flow breakdown without causing violent motions 
of the airplane,, 

2> Stall recovery coi^-ld he made by application of 
down elevator, although the recovery from a roll was some- 
what slower than has been measured on some previously 
tested airplane s . 

3* The airplane exhibited no dangerous ground-looping 
tendencies in landing. Tail-first landing « could bo read- 
ily made without the occurrence of either lateral or direc- 
tional instability due to stalling. 

The airplane possessed some unusual characteristics 
in stalls that are not required in reference 1. The mo- 
tion beyond the stall was not violent and an unusual^ 
amount cf lateral control was available in many flight 
conditions, even when full up elevator was applied. The 
good stalling characteristics allowed the airplane to be 
pulled rapidly to maximum lift coefficient in accelerated 
maneuvers in spite of its neutral static longitudinal 
stability . 



The maximum lift coefficients available in maneuvers 
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with flap up and in all conditions of flight tested voro 
Considerably lower than arc normally reached oy airplane 
of similar type. 

Langlcy Memorial Aeronautical Laboratory, 

National Advisory Conr.ittoe for Aeronautics, 
Langley ffiold, Va« 
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Figs. 1,2,3 




figure 3#- Three-quarter rear view of the Supermarine airplane. 
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Figure 5.- 



Calibration of fcho pilot's airspood indicator in tho 
Stqponaarino Spitfire airplane. 
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ffigure 6.- Variation with control- stick angle of elevator an^lo 
and stick force caused by elevator friction and 
\u."ba!aiice. Supernarine Spitfire airplane* 
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Figure 7.- Variation of left, right, and total-aileron angles with 
control stick angle. Supermarine Spitfire airplane. 
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Time history of a stall in tha glidiag condition, gun ports covered. 
Controls wars bald approximately fen tha positions required at the 
atart of tha stall. Supensarlne Spitfire airplane. 
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Figure 9* - Tine history of a stall in the gliding condition with gun ports 
covered. Nearly full up elevator was applied and control was 
maintained with ailerons and rudder. Supermarlne Spitfire airplane* 
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Figure 10. - 



Time history of a stall in the gliding condition with gun pcrts open. 
Controls were held in the positions required at the start of the stall. 
Supermarine Spitfire airplane. 
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Figure 11. - Time history of a stall in the gliding condition with gun ports open. 

Airplane was controlled by ailerons and rudder beyond the stall. 
Supermarine Spitfire airplane. 
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Figure 12, - Tim© history of a stall In the cruising condition with gun 
ports covered. Controls were held approximately in 
position required to start the stall. Note large left 
sideslip and mild right roll at stall. Supermarine Spitfire 
airplane. 
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. Figure 13* - Time history of a stall in the cruising condition with gun perts open. 
Note similarity to stall with gun ports closed (fig, 11). 
Supermarine Spitfire airplane. 
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Figure 1I4.. 



Time history of a stall in the landing condition with gun ports covered. 
Controls were held in the positions required to start the stall. Note 
lateral and pitching oscillation. Supermarine Spitfire airplane. 
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Fig. 15 




Figure 15. - Time history of a stall in the landing -approach condition with gun 
ports covered. Supermarine Spitfire airplane. 
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Fig. 16 




Figure 16. - Time history of a stall in the landing approach condition with gun 

ports open. Note slight right roll. Superraarine Spitfire airplane. 
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Fig. 17 
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Time history of a rapid l80° turn to the loft started 
J from level flight at I7I4. miles per hour in which the — 
stall was reached but no rolling instability occurred, 
Supermar ine Spitfire airplane with the gun ports 
' covered. 
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Figure 18. - Time history of a rapid turn to the left started from level flight 

at 17U miles per hour in which the stall was reached followed by a 
roll out of the turn. The aileron motion that occurred during the 

Soil .resulted, from th£ floating tendency of the ailerons. Sup«?rmarlne 
pitf ire alrpla ne with gun porrs open. J 1 
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Fig. 19 
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Figure 19. - Time history of a rapid turn to the right started from level flight at 172 

miles per hour in which the stall was reached. The airplane subsequently 
rollea into the turn. The aileron motion that occurred at the start of 
SpiW?i 1 a?^| a wf?§ m g^ e pSrt? t o^n! endenCy ° f alleron - Supermarin, 



